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Light emitting device 

(57) In a QW LED employing the Al In Ga N material 
system an intentional impurity is introduced in the 
quantum well active region to increase the efficiency of the 
LEO (10) and to increase the emission wavelength beyond 
that of an undoped QW LED. In addition, an intentional 
impurity similar to that found in an adjacent layer can 
reduce the uncontrollable or undesirable effects of 
impurity diffusion. 
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1 

LIGHT EMITTING DEVICE 

The invention relates to a semi conductor light-emitting device. 



Highly efficient visible light-emitting devices (LEDs) have been produced in 
the red, orange, and yellow spectral regions by employing the AL/ja,.^ and 
In^Al^Gai.JP material systems and Double Heterostructure device structures which 
employ a "bulk" active region in the thickness range of 0. 1 to 5.0 urn in thickness. 
These highly efficient LEDs use a direct band-to-band transition to produce the light 
of an appropriate wavelength. 

Recently highly efficient blue LEDs, commercialized by Nichia and Toyoda 
Gosei, employ the AlInGaN materials system in conjunction with a "bulk" active 
region, 0.0S to 0.10 urn in thickness, which is "co-doped" with both silicon and zinc. 
Co-doping has two positive effects. First, the e xtre m ely high defect density 
associated with epitaxial GaN leads to inefficient band-to-band transitions in undoped 
material, whereas the Zn-Si pairs provide an extremely efficient mechanism for light 
emission. Second, the selection of Zn-Si pairs shifts the wavelength substantially, 
from 380 nm to 450 nra for the emission from the band-to-band and Zn-Si impurity 
centers, respectively. The shift in wavelength alone increases the detection efficiency 
of the human eye by almost a factor of 1000. Such an LED structure is acceptable for 
the blue spectral region, however, when attempts are made to shift the wavelength 
into the green spectral region by increasing the mole fraction of indium in the active 
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O region (x in the formula In 1 Ga,. I1 N), the result is an LED of poor color purity, with a 
"whitish" color. There is a great commercial need for highly efficient, spectrally pure 
green and blue-green LEDs. 

Highly efficient blue and green LEDs have been commercialized which 
employ the same AlInGaN materials system in conjunction with an extremely thin 
quantum well (QW) active region, with a thickness of approximately 3 nm. These 
devices employ an undoped QW region and direct band-to-band transitions to achieve 
the high efficiency and purer colors. Special processes and techniques are used to 
eliminate dopant incorporation and diffusion. 

The present invention seeks to provide an improved light emitting device. 

According to an aspect of the present invention mere is provided a tight-emitting device 
comprising a substrate; 

a GaN nucleation layer, positioned on the substrate; 

a Si-doped GaN current spreading layer positioned over the GaN nucleation layer; 

a first and second confining layers positioned over the Si-doped GaN current spreading layer 

wherein the first and second confining layers contain a first and second impurity, respectively; 

and 

a thin quantum well active region with a quantum well impurity, interposing the first and 
second confining layers wherein the quantum well impurity is selected to increase the fight 
emission properties of the tight-emitting device. 
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In the preferred embodiment, an intentional impurity is introduced in a quantum well (QW) 
LED active region to increase the efficiency of the T.F.n and to increase the emission 
wavelength beyond that of an undoped QW LED. In addition, an intentional impurity similar to 
that found in an adjacent layer can reduce the uncontrollable or undesirable effects of impurity 
diffusion. 

Preferably, a thin GaN nucleation layer is grown on a sapphire substrate. A thick Si-doped 
GaN layer is grown over the thin GaN nucleation layer. A first confining layer consisting of 
GaN: Mg is grown over an n-type GaN layer. A thin In„Gai. x N QW active region is grown 
over the first confining layer. The thin QW active region has been optionally doped. A second 
confining layer consisting of GaN-based compound is positioned over the thin QW active 
region. The first and second confining layers are doped, either alone or in combination. 
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An embodiment of the present invention us described below, by way of example only, with 
reference to the accompanying drawings, in which: 

Figure 1 illustrates an embodiment of a light emitting device; and 

Figure 2 illustrates a flowchart of a preferred method for producing the device shown in Figure 
1. 



Figure 1 illustrates a preferred embodiment of a light emitting device 10. A 
GaN nucleation layer 14 is positioned on a substrate 12, such as a sapphire substrate. 
A thick n-type GaN layer 16, doped with Si impurities, is formed over the GaN 
nucleation layer 14. A first confining layer 18 consisting of a GaN-based compound, 
doped with Mg impurities, is positioned over the thick Si-doped GaN layer 16. A thin 
In,Ga,.„N quantum well (QW) active region 20 is positioned over the first confining 
layer 1 8. The thin QW active region 20 has been intentionally doped with magnesium 
(Mg). A second confining layer 22 consisting of AlGaN that is optionally doped with 
Mg is positioned over the thin QW active region 20. The first and second confining 
layers are doped with Mg, either alone or in combination. A contacting layer 24 
consisting of a GaN-based compound, doped with Mg is positioned over the second 
confining layer 22. 

The intentional impurity introduced in a quantum well (QW) LED active 
region increases the efficiency of the LED and increases the emission wavelength 
beyond that of an undoped QW LED. In addition, adding a similar intentional 
impurity to one of the confining layers can reduce the uncontrollable or undesirable 
effects of impurity diffusion. Alternatively, the layers "corifining" the QW active 
region may include ALGa^N. If improving the internal efficiency of the QW active 
region is desired, these impurities may be donors or acceptors. If improving the 
injection efficiency of the QW active region is desired, the impurities are acceptors. 
Donors may be from Group VI such as oxygen, sulfur, selenium, or tellurium or 
Group IV such as silicon, germanium, or tin. Acceptors may be from Group HA, e.g. 
magnesium, beryllium, or calcium, or Group IIB e.g. zinc or cadmium, or Group IV, 
e.g. carbon. In addition, rare earth elements from lanthanide group have been shown 
to be efficient emission centers in other materials and may be highly efficient in the 
AlInGaN material system. 



The preferred embodiment influences the overall efficiency of a light emitting diode by four 
distinct methods. The overall efficiency of a visible LED may be defined as the product of 
several individual, independent efficiencies, as: 

n easnl = TJiaenml * "injection * T]ecmexion X H detector 

The internal efficiency. Tj«en»i> is & e fraction of injected minority carriers which emit 
photons. The injection efficiency, Tfc^,,, is the fraction of the current that is 
transported into the active region. The extraction efficiency, r\ amaioa , is the fraction of 
photons which escape the crystal. For visible LEDs, the detector efficiency, is 
the magnitude of the eye response per unit of radiant power. 

The internal efficiency is increased by the impurity-related emission, which is 
more efficient than the near band-edge emission due to the high density of crystal 
defects. 

The injection efficiency is increased due to the change in minority carrier 
injection from holes to electrons. This is important for two reasons; first the ratio of 
the electron concentration in the n-layer, to the hole concentration in the p-layer is 
significantly greater than 1 , favoring electron injection. Second, the electrons in GaN- 
based material have a much lower effective mass, and a much higher mobility than the 
holes. 

The extraction efficiency can be enhanced, as the impurity-related emission is not as strongly 
absorbed in the active region as near band-edge light. 

The detector efficiency of blue and green LEDs are strongly affected by the emission 
wavelength, with an increae in wavelength increasing the response of the human eye. The 
impurity-related emissions in the prefered embodiment shift the emission wavelength longer, 
resulting in enhanced detection. 

Figure 2 illustrates a process flow chart for the device shown in Figure 1 . In 
step 40, the first thin GaN nucleation layer is formed directly on the sapphire substrate 
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j at a low growth temperature such as 520 C. In step 50, the GaN:Si layer is formed 

directly on the nucleation layer at growth temperatures at approximately 1050C, while 
the thickness may van- between 2 um to 5 um in thickness. In step 60, the first 
confining layer is formed over the GaN:Si layer. In step 70, the Mg-doped InGaN 
QW active region is formed over the first confining layer at a growth temperature that 
ranges from 650C to 850C, while the thickness of the QW active region is typically 3 
nm in thickness. In step 80, the Mg-doped GaN layer is formed over the QW active 
region at a growth temperature that ranges from 650C to 1 100C while the thickness 
may vary between 0.1 to 1.0 an. 

These layers may be grown using one of many available techniques such as 
organometallic vapor phase epitaxy (OMVPE), metal-organic chemical vapor 
deposition (MOCVD), molecular beam epitaxy (MBE), gas phase MBE (GPMBE), or 
hydride vapor phase epitaxy (HVPE). 



The disclosures in United States patent application no. 08/815, 097, from which this 
application claims priority, and in the abstract accompanying this application are incorporated 
herein by reference. 



CLAIMS 



1. A light-emitting device comprising: 
a substrate; 

A GaN nucleation layer positioned on the substrate; 

a Si-doped GaN current spreading layer positioned over the GaN nucleation 

layer; 

first and second confining layers positioned over the Si-doped GaN current spreading 
layer, wherein the first and second confining layers contain a first and second impurity, 
respectively: and 

a thin quantum well active region with a quantum well impurity, interposing the first 
and second confining layers, wherein the quantum well impurity is selected to increase the Ught 
emission properties of the fight-emitting device. 

2. A hght-enntting device according to claim 1, wherein the first impurity is selected to 
increase the light emission property of the Hght-enntting device by improving the injection 
efficiency. 

3. A light-emitting device according to claim 1, wherein the quantum well and first 
impurities are the same element, wherein the element is selected to effect impurity diffusion in 
the active region. 

4. A light-emitting device according to claim 1, 2 or 3, wherein the quantum well 
impurity is a donor element. 

5. A light-emitting device according to claim 1, 2, or 3, wherein the quantum well 
impurity is an acceptor element. 
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6. A Hght emitting device according to claim 5, wherein the acceptor element is 
selected from a group comprising Group HA and Group HB elements. 

7. A Hght- emitting device according to claim 6, wherein the acceptor element is 
magnesium. 

8. A Hght- emitting device substantially as hereinbefore described with reference to and 
as illustrated in the accompanying drawings. 

9. A method of producing a light-emitting device substantially as hereinbefore 
described with reference to and as illustrated in the accompanying drawings. 



SJ Morgan 
29 May 1998 
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